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(57) ABSTRACT

A spread illumination apparatus includes: a light source; and
alight guide plate having a light entrance surface on which the
light source is disposed, and a light exit surface through which
light introduced from the light entrance surface is emitted,
wherein the light guide plate includes a light entrance wedge
portion which has an inclined surface and of which thickness
is thinner from the light entrance surface side toward the light
exit surface side, the inclined surface includes a first, a sec-
ond, and a third inclined surface portions, and an average
inclination angle of the second inclined surface portion at an
arbitrary cross section perpendicular to the light entrance
surface and the light exit surface along the light entrance
surface in a longitudinal direction is configured to be larger
than average inclination angles of the first inclined surface
portion and the third inclined surface portion.

9 Claims, 9 Drawing Sheets
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FIG. 2A
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FIG. 4A
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FIG. 5
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1
SPREAD ILLUMINATION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sidelight-type spread
illumination apparatus including a light source and a light
guide plate. The light source is arranged on the light entrance
end surface of the light guide plate, and planar illumination
light exits from the light exit portion of the light guide plate.

2. Description of the Related Art

In the illuminating units of a liquid crystal display panel,
there is a sidelight-type spread illumination apparatus (back-
light) with small LEDs having excellent environmental com-
patibility which are arranged along the side end surface of a
light guide plate. This type of the spread illumination appa-
ratus has been widely adopted especially in the fields of small
portable information devices, for example, portable phones.
Recently, for achieving further thin small portable informa-
tion devices, there is provided a light guide plate whose light
entrance wedge portion is arranged between the light
entrance surface and a light exit portion, the light entrance
wedge portion being configured as that its thickness gradually
decreases as moving away from a side end surface (or the light
entrance surface) on which LEDs are arranged. In use of such
alight guide plate, the light exit portion of the light guide plate
becomes thin, regardless of the thickness of the LED (see, for
example, JP 2007-287550 A and JP 2008-170739 A).

Request for the thin liquid crystal display device however
has become more intense. Consequently, a spread illumina-
tion apparatus used for the backlight of the liquid crystal
display device needs to be further thin. Here, when the thick-
ness of applied LEDs and the length of the light entrance
wedge portion in a light guide direction are fixed, to achieve
further thinned light exit portion, it is necessary to increase
inclination angle of an inclined surface of the light entrance
wedge portion. If however the inclination angle increases,
light leakage from the light entrance wedge portion and the
vicinity thereof on the light exit portion increase, which
degrades luminance of light emitted from the light exit por-
tion used as illumination light, and deteriorates the luminance
distribution of illumination light.

SUMMARY OF THE INVENTION

The present invention has been made in light of the above
problems, and an object of the present invention is to provide
a spread illumination apparatus with a light exit portion suc-
cessfully thin, without causing degradation of luminance and
deterioration of luminance distribution.

An aspect of the present invention described hereinafter is
justan example of a configuration of the present invention and
will be described for facilitating understanding of various
configurations of the present invention. The aspect does not
limit the technical scope of the present invention. While con-
sidering the best mode for carrying out the invention, the
aspect may be modified by replacing or deleting a part of
components of the aspect or adding another component, and
such modifications may also fall within the technical scope of
the present invention.

According to a first aspect of the invention, there is pro-
vided a spread illumination apparatus including: a light
source; and a light guide plate having a light entrance surface
on which the light source is disposed, and a light exit surface
through which light incident from the light entrance surface is
emitted, wherein the light guide plate includes a light
entrance wedge portion which has an inclined surface and of
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which thickness is thinner from the light entrance surface side
toward the light exit surface side, the inclined surface
includes, from the light entrance surface side, a first inclined
surface portion, a second inclined surface portion, and a third
inclined surface portion, and an average inclination angle of
the second inclined surface portion at an arbitrary cross sec-
tion perpendicular to the light entrance surface and the light
exit surface along the light entrance surface in a longitudinal
direction is larger than an average inclination angle of the first
inclined surface portion and the third inclined surface portion
at the same cross section.

The present inventors have conducted extensive research to
solve the problems and obtained a knowledge that in a light
entrance wedge portion of a recent light guide plate on which
thinning and slim bezel have been progressed, the risk of
occurrence of light leakage was higher in a region close to the
light entrance surface and a region close to the light exit
surface than a central region. The present invention has been
completed based on such a new knowledge.

With this structure, the inclined surface of the light
entrance wedge portion provided to be thinner from the light
entrance surface side toward the light exit surface side,
includes, from the light entrance surface side, a first inclined
surface portion, a second inclined surface portion, and a third
inclined surface portion. An average inclination angle of the
second inclined surface portion (a central region) within a
cross section perpendicular to the light entrance surface and
the light exit surface at an arbitrary position of the light
entrance surface in a longitudinal direction is larger than an
average inclination angle of the first inclined surface portion
(region close to the light entrance surface) and the third
inclined surface portion (region close to the light exit surface)
within the same cross section. With this structure, it is pos-
sible to effectively reduce light leakage from the region close
to the light entrance surface and the region close to the light
exit surface in the light entrance wedge portion, where the risk
of occurrence of light leakage is relatively high, and it is
possible to reduce light emitted from the region close to the
light entrance wedge portion of the light exit surface.

According to the first aspect, a connecting portion of the
first inclined surface portion and the second inclined surface
portion, and a connecting portion of the second inclined sur-
face portion and the third inclined surface portion are config-
ured as a curved surface.

With this structure, light leakage can be more effectively
reduced by appropriately setting the shape of the inclined
surface based on the change in the risk of occurrence of light
leakage according to the distance of the light entrance wedge
portion from the light entrance surface.

According to the first aspect, the inclined surface is con-
figured as a single continuous curved surface as a whole.

With this structure, since the inclined surface is configured
as a single continuous curved surface as a whole, the inclina-
tion angle of the inclined surface changes continuously spa-
tially along the direction perpendicular to the light entrance
surface within an arbitrary side cross section. The shape ofthe
inclined surface can be appropriately set with high degree of
freedom, based on the change in the risk of occurrence of light
leakage according to the distance of the light entrance wedge
portion from the light entrance surface, and light leakage can
be more effectively reduced.

According to the first aspect, the continuous curved surface
is a curved surface which has a convex shape in the light
entrance surface side and a concave shape in the light exit
surface side.

With this structure, in the light entrance wedge portion of
the light guide plate on which thinning and slim bezel have
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been progressed, light leakage can be more effectively
reduced by forming the inclined surface in the most appro-
priate shape with respect to the typical change in the risk of
occurrence of light leakage according to the distance from the
light entrance surface.

According to the first aspect, the continuous curved surface
is formed in an S-shape in section, and has an inflection point
within the second inclined surface portion.

With this structure, the inclined surface having the most
appropriate shape can be formed easily and effectively.

According to the first aspect, at least one of the first inclined
surface portion, the second inclined surface portion, and the
third inclined surface portion is configured to have a plurality
of flat surfaces.

With this structure, the shape of the inclined surface can be
easily formed based on the change in the risk of occurrence of
light leakage according to the distance of the light entrance
wedge portion from the light entrance surface, and light leak-
age can be more effectively reduced.

According to the first aspect, the inclined surface is pro-
vided on the light exit surface side.

According to the first aspect, a flat portion with a constant
thickness is provided between the light entrance surface and
the light entrance wedge portion.

According to the present invention, it is possible to provide
the spread illumination apparatus which can make the light
exit portion thin, without causing degradation of luminance
and deterioration of luminance distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1A s aside view illustrating essential parts of a spread
illumination apparatus according to an embodiment of the
present invention, and FIG. 1B is a side view schematically
illustrating characteristics of the spread illumination appara-
tus of FIG. 1A;

FIGS. 2A, 2B and 2C are images of degree of light leakage
risk in the present invention, and are diagrams that schemati-
cally illustrate light quantity of first incident light on an
inclined surface, an incidence angle, and a degree of light
leakage risk;

FIG. 3 illustrates an angle formed by light incident on an
inclined surface relative to an optical axis, and a distance on
an inclined surface corresponding to a predetermined angular
width, thus explaining images of degree of light leakage risk
in the present invention;

FIGS. 4A, 4B and 4C are images of degree of light leakage
risk in the present invention and are diagrams that schemati-
cally illustrate light quantity of second incident light with
respect to an inclined surface, an incidence angle, and a
degree of light leakage risk;

FIG. 5 illustrates a distribution of a total degree of light
leakage risk in correspondence to a shape of a light entrance
wedge portion;

FIG. 6A is a side view illustrating a conventional spread
illumination apparatus together with a plurality of incident
light paths having different incidence angles, and FIG. 6B is
a side view illustrating the spread illumination apparatus of
FIG. 1A together with a plurality of incident light paths
having different incidence angles;

FIG. 7 is a sectional view illustrating a typical configura-
tion of a pseudo white LED;

FIG. 8 is a side view illustrating essential parts of a spread
illumination apparatus according to another embodiment of
the present invention;

10

15

20

25

30

40

45

55

4

FIG. 9 is a side view illustrating essential parts of a spread
illumination apparatus according to another embodiment of
the present invention; and

FIG. 10A is an elevation view illustrating essential parts of
a spread illumination apparatus according to another embodi-
ment of the present invention, and FIG. 10B is an A-A cross-
sectional view of FIG. 10A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, each spread illumination apparatus according
to embodiments of the present invention is explained with
reference to the attached drawings. In the accompanying
drawings, shapes, dimension, and the like of respective ele-
ments may be illustrated in an exaggerated manner for easy
understanding of the present invention. Moreover, when two
elements are illustrated adjacent to each other with space, the
space may be virtually provided or exaggeratingly illustrated
for easy understanding. The configuration or the concept of
the present invention intends not being affected either by the
presence or absence of the space between any elements adja-
cent to each other, or not being affected by the size of the
space.

A spread illumination apparatus 10 according to the first
embodiment of the present invention, as illustrated in FIG.
1A, includes an LED 11 as a light source, and a light guide
plate 20 configured to exit light emitted from the LED 11 ina
planar manner. In atop view, the light guide plate 20 is formed
into a rectangular shape. Further, the light guide plate 20 is
made of a transparent material (for example, polycarbonate
resin). The light guide plate 20 has a light entrance surface 21
on which the LED 11 is disposed. In the light guide plate 20,
a light exit surface 22 and an inclined surface 25 (described
hereinbelow) are both provided on a surface connecting to
one edge 21c¢ (the upper surface of the light guide plate 20
when viewed FIG. 1 in plane). Hereinbelow, a surface of a
side including the light exit surface 22 is referred to a front
surface 23, and a surface opposite to the front surface 23 is
referred to a rear surface 24.

In the present invention, a direction moving from the light
entrance surface 21 toward an end surface (not illustrated but
configured to face the light entrance surface 21) is referred to
a “forward direction” (that is, a direction moving right on a
plane surface of FIG. 1A). Further, a direction opposite to the
forward direction is referred to a “backward direction.” Here,
the meaning of the “forward direction” includes a direction
where light introduced into the light guide plate 20 from the
light entrance surface 21 is whole guided within the light
guide plate 20. In this sense, the forward/backward direction
as defined above is also referred to a “light guide direction”.

Also, adirection in which the rear surface 24 directs toward
the front surface 23 is defined as an “upward direction” (that
is, a direction moving upward on a plane surface of FIG. 1A).
Further, a direction opposite to the upward direction is
defined as a “downward direction.”” The upward/downward
direction of the above is also referred to a “thickness direc-
tion.” Furthermore, a direction perpendicular to the forward/
backward direction and the upward/downward direction (a
direction moving perpendicularto a plane surface of FIG. 1A)
is also referred to a left/right direction (if necessary, being
defined as a “right direction” and a “left direction” in the
forward direction). In other words, the left/right direction is a
longitudinal direction of the light entrance surface 21. Also,
unless otherwise explicitly specified, “length”, “thickness”,
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and “width” refer to dimensions of the forward/backward
direction, the upward/downward direction”, and the “left/
right direction”, respectively.

From the light entrance surface 21 side toward the forward
direction, the light guide plate 20 comprises a light entrance
wedge portion 31 including the inclined surface 25, and a
light exit portion 32 including the light exit surface 22. The
rear surface 24 of the light guide plate 20 is formed to be a
single flat surface throughout the light entrance wedge por-
tion 31 and the light exit portion 32. On the other hand, the
inclined surface 25 of the light entrance wedge portion 31 is
formed to have an inclination moving downward from the
light entrance surface 21 side toward the forward direction.
The light entrance wedge portion 31 is thus configured to
become thinner as moving from the light entrance surface 21
side toward the light exit surface 22 side. The light exit sur-
face 22 is made as a flat surface substantially perpendicular to
the light entrance surface 21. The light exit surface 22 is
formed to have a connection with an edge 26 of the inclined
surface 25 in the forward direction. The rear surface 24 faces
the light exit surface 22 substantially in parallel.

Next, the configuration of the inclined surface 25 of the
light entrance wedge portion 31, which is the main feature of
the spread illumination apparatus 10, is described in detail
with reference to FIG. 1B together with FIG. 1A. FIG. 1B is
a schematic side view for describing the feature of the light
entrance wedge portion 31 of the light guide plate 20 of the
spread illumination apparatus 10 illustrated in FIG. 1A.

Also, in the spread illumination apparatus 10, a cross-
sectional shape of a cross section of the light entrance wedge
portion 31, which is perpendicular to the light entrance sur-
face 21 and the light exit surface 22, (cross section by a
cutting plane parallel to the plane of paper in FIG. 1A), is
identical to a shape of a side surface illustrated in FIG. 1A at
an arbitrary position of the light entrance surface 21 in a
longitudinal direction. Therefore, in the following descrip-
tion, the feature common to such an arbitrary cross section
will be described based on the side views illustrated in FIGS.
1A and 1B.

In the present invention, an inclination angle Bp at an
arbitrary position (for example, position P) on the inclined
surface 25 of the light entrance wedge portion 31 is an angle
definable by a half line K extending from the position P
toward the light entrance surface 21 in parallel to the light exit
surface 22 and a half line L. extending from the position P
toward the light entrance surface 21 in contact with the
inclined surface 25 (in other words, an angle that corresponds
to arising slope in each side cross section passing through the
position P of the inclined surface 25). The angle defined
above is formable in each cross section which passes through
the position P, the cross section being formed perpendicularly
relative to the light entrance surface 21 and the light exit
surface 22 (cutting parallel to the plane of paper in FIG. 1A,
which will be simply referred to as a “side cross section
hereinafter).

In the light guide plate 20, since the inclined surface 25 is
configured as a single continuous curved surface as a whole,
the inclination angle of the inclined surface 25 changes con-
tinuously and spatially along the forward/backward direction
at any arbitrary side cross sections.

However, the inclined surface 25 of the light guide plate 20
is formed to satisfy the inclination angle in the following
condition. Starting from the light entrance surface 21 side, the
inclined surface 25 has a first inclined surface portion 25a (a
range denoted by “I”” in FIG. 1A), a second inclined surface
portion 255 (a range denoted by “II” in FIG. 1A), and a third
inclined surface portion 25¢ (a range denoted by “III” in FIG.
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1A). The inclined surface 25 is configured such that an aver-
age inclination angle 02 of the second inclined surface por-
tion 256 is greater than an average inclination angle 61 of the
first inclined surface portion 25« and is also greater than an
average inclination angle 83 of the third inclined surface
portion 25¢. Here, the average inclination angle of the
inclined surface 25 in a specific range is an angle obtained by
averaging inclination angles of respective positions within
the range over the entire range.

In the illustrated example, the first and third inclined sur-
face portions 25a and 25¢ are formed such that the average
inclination angles 81 and 03 are smaller than the average
inclination angle 6 over the entire length of the light entrance
wedge portion 31 of the inclined surface 25. In FIG. 1B,
examples of the respective average inclination angles 61, 62
and 03 of the first, second and third inclined surface portions
25a, 25b and 25¢ and the average inclination angle 6 over the
entire length of the light entrance wedge portion 31 of the
inclined surface 25 are illustrated together with virtual plane
surfaces 35a, 35b, 35¢ and 36, respectively, having average
inclination angles 61, 62, 03 and 6 as inclination angles
thereof. In FIG. 1B, the virtual plane surface 36 is made
correspondent to the shape of an inclined surface of a general
light entrance wedge portion in conventional spread illumi-
nation apparatuses.

In the light guide plate 20, the inclined surface 25 with the
first, second and third inclined surface portions 254, 2556 and
25c¢ is realized to have a single continuous curved surface as
a whole. Here, the continuous curved surface becomes closer
toward the rear surface 24 in the forward direction as moving
from the light entrance surface 21 side. The light entrance
surface 21 side is formed to have a curved surface of a convex
shape, and the light exit surface 22 side is formed to have a
curved surface of a concave shape. In the illustrated example,
in the side surface shape (arbitrary side cross-sections) illus-
trated in FIG. 1A, an S-shaped curve indicating the inclined
surface 25 has an inflection point A within the second inclined
surface portion 2556. The first inclined surface portion 254,
and an area defined between the first inclined surface portion
25a side and the inflection point A of the second inclined
surface portion 255 are configured to have a convex shape.
Further, an area defined between the third inclined surface
portion 25¢ side and the inflection point A of the second
inclined surface portion 255, and the third inclined surface
portion 25¢ are configured to have a concave shape.

Next, the operational effect of the spread illumination
apparatus 10 is described with reference to FIGS. 2 to 6.

First, in a conventional spread illumination apparatus, in
which an inclined surface of a light entrance wedge portion
has a single inclination angle 6 like the virtual plane surface
36 illustrated in FIG. 1B, a positional dependency of light
leakage on the inclined surface is described.

Also, in the following description, for the sake of conve-
nience, reference numeral 36 is assigned to refer to the
inclined surface in the conventional spread illumination appa-
ratus, and the same reference numerals as those of the spread
illumination apparatus 10 are assigned to refer to the other
elements.

Among lights introduced into the inclined surface 36, a
relative quantity of light, which leaks near the light entrance
wedge portion 31 of the light exit surface 22 due to the light
entrance wedge portion 31 and the inclined surface 36 (here-
inafter, referred to as “degree of light leakage risk” or simply
“degree of risk”), will depend on a quantity of light (light
quantity) introduced into the inclined surface 36 and an angle
of light relative to an optical axis when introduced into the
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inclined surface 36 (defined as an “incidence angle”). The
above feature is expressible with the following equation.

“light quantity”x“incidence angle”=“degree of light
leakage risk”

In the present invention, the “optical axis” refers to a cen-
tral axis extending from a center of a light emission surface
11a of the LED 11 while perpendicular to the light emission
surface 11a (that is, the light entrance surface 21).

The reason why the degree of light leakage risk depends on
the incidence angle is that transmittance of light penetrating
from the inside of the light guide plate 20 to the outside in the
inclined surface 36 depends on the incidence angle. The light
quantity and the incidence angle depend on a distance from
the light emission surface 11a of'the LED 11 (which substan-
tially coincides with the light entrance surface 21 of the light
guide plate 20) in an optical axis direction.

In the light guide plate 20, which is a recent type and has
advanced thin-contour and slim bezel, light introduced into
the inclined surface 36 mainly includes 1) light that is firstly
incident on the inclined surface 36 after being introduced
from the light entrance surface 21 to the interior of the light
guide plate 20 (hereinafter, referred to as “first incident
light™), and 2) light that is re-introduced into the inclined
surface 36 after the first incident light has been reflected from
the rear surface 24 (hereinafter, referred to as “second inci-
dent light”). Here, however, the first incident light also
includes light that is incident on the light entrance surface 21
and introduced into the interior of the light guide plate 20,
then reflected from the rear surface 24, and firstly introduced
into the inclined surface 36. It is true that there are lights
introduced again into the inclined surface 36 after experienc-
ing two or more times reflection from the rear surface 24, but
light quantities in this case are quite small compared to the
first incident light or the second incident light. Ratios in the
light leakage will thus become too small to be able to be
ignored.

FIGS. 2A, 2B and 2C illustrate light quantity distributions,
an incidence angle distributions and a degree of light leakage
risk distributions when light is introduced into the inclined
surface 36 as to the first incident light, respectively. These
illustrated factors are each defined according to distance from
the LED 11 in an optical axis direction. FIGS. 2A, 2B and 2C
also easily illustrate some of the characteristics as to the
degree of risk.

First, the light quantity is described. In an orientation dis-
tribution of light that has been radially emitted from the LED
11 as a whole and introduced into the light guide plate 20, the
light quantity is maximized in an optical axis direction, and
the light quantity decreases as an angle relative to the optical
axis increases. However, as illustrated in FIG. 3, the width
(corresponding to the width D in the optical axis direction) of
the inclined surface 36 corresponding to unit angle starting
from the center of the light emission surface 11a of the LED
11 becomes longer as the light beam is directed toward the
optical axis direction, and becomes shorter as the angle
formed with the optical axis increases (D1<D2<D3). There-
fore, as illustrated in F1G. 2 A, the quantity oflight incident on
the inclined surface 36 per unit distance (unit area) increases
in a region close to the light entrance surface 21 as the dis-
tance from the LED 11 increases. However, the quantity of
light is inverted after reaching a peak (maximum region) and
decreases as the distance from the LED 11 increases.

Next, the incidence angle is described. As illustrated in
FIG. 2B, the incidence angle of the light incident on the
inclined surface 36 has a width (range) according to the
distance from the LED 11. However, the upper limit of the
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range decreases as the distance from the LED 11 increases.
Accordingly, as the distance from the LED 11 increases, the
transmittance in the inclined surface 36 decreases.

Therefore, as illustrated in FIG. 2C, the degree of light
leakage risk (product of the light quantity and the upper limit
of'the incidence angle) is maximized when the distance from
the LED 11 is around zero. Moving more forward from that
point, the degree of light leakage risk decreases as the dis-
tance from the LED increases.

Next, the second incident light is described with reference
to FIG. 4. FIGS. 4A, 4B and 4C illustrate light quantity
distributions, an incidence angle distributions and a degree of
light leakage risk distributions when light is introduced into
the inclined surface 36 as to the second incident light, respec-
tively. These illustrated factors are each defined according to
distance from the LED 11. FIGS. 4A, 4B and 4C also easily
illustrate some of the characteristics as to the degree of risk.

First, the light quantity is described. As illustrated in FIG.
4 A, the distribution of the light quantity ofthe second incident
light has a peak (maximum region) at a point moving more
forward compared to the first incident light. Next, the inci-
dence angle of the second incident light is described with
reference to FIG. 4B. Since the angle changes upon reflection
in the inclined surface 36 at the first time (the incidence angle
is increased by about two times the incidence angle 0 of the
inclined surface 36), the upper limit ofthe incidence angle has
a distribution overlapped with an angle variation after the
distribution of the first incident light is shifted forward. Also,
the lower limit of the incidence angle becomes a positive
value corresponding to the distance from the LED 11. Like
the upper limit, the lower limit has a tendency to decrease as
the distance from the LED increases.

Therefore, as illustrated in FIG. 4C, the degree of light
leakage risk of the second incident light basically has a dis-
tribution in which the distribution of light leakage risk of the
first incident light is shifted forward. However, the degree of
light leakage risk of the second incident light may increase
more than the degree of light leakage risk of the first incident
light, depending on the angle variation upon first reflection in
the inclined surface 36.

A degree of risk obtained by adding the degree of light
leakage risk of the first incident light to the degree of light
leakage risk of the second incident light, that have been both
obtained hereinabove, becomes a total degree of light leakage
risk in the inclined surface 36 (see FIG. 5). As illustrated in
FIG. 5, a region where the degree of light leakage risk is great
(a region indicating a maximum value) exists at a position
where the distance from the LED 11 is small (position close to
the light entrance surface 21). As the distance from the LED
11 is increased more than that position, the degree of light
leakage risk is gradually lowered. If the distance from the
LED 11 is further increased, the degree of light leakage risk is
inverted to gradually increase, and indicates a maximum
value again. As a whole, the degree of light leakage risk has a
concave shape of a curve whose central portion is recessed.

As described above, the present invention is made in view
of'the fact that the total degree of light leakage risk is divided
into two regions including maximum (the maximum region of
the light entrance surface 21 side and the maximum region of
the light exit surface 22 side) and one region including mini-
mum (the minimum region of the center). The first inclined
surface portion 254 and the third inclined surface portion 25¢
are provided, respectively, in the ranges of the inclined sur-
face 25 of the light entrance wedge portion 31, which corre-
spond to the maximum regions of the light entrance surface
21 side and the light exit surface 22 side, and the second
inclined surface portion 255 is provided in the range corre-
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sponding to the minimum region of the center. The average
inclination angles 61 and 63 of the first inclined surface
portion 25a and the third inclined surface portion 25¢ are
made relatively smaller than the average inclination angle 62
of the second inclined surface portion 255. In this manner,
light leakage occurring in the inclined surface 25 is efficiently
reduced. Therefore, the spread illumination apparatus 10 can
improve luminance of illumination light emitted from the
light exit surface 22.

Furthermore, in the spread illumination apparatus 10, the
shape of the inclined surface 25 is formed to have an S-shaped
continuous curved surface in a sectional view, such that a
region close to the light entrance surface 21 is convex and a
region close to the light exit surface 22 is concave. In this
manner, the optimal shape of the inclined surface for reducing
light leakage from the inclined surface 25 can be realized
according to the distribution of the total degree of light leak-
age risk.

Furthermore, as illustrated in FIG. 6, in a conventional
spread illumination apparatus including an inclined surface
36 whose inclination angle is constant over an entire region of
a light entrance wedge portion 31 (see FIG. 6A), light is
emitted from an LED 11 toward a direction in which an angle
relative to an optical axis is large. As a result, light .1 incident
onaregion I close to alight entrance surface 21 of the inclined
surface 36 at a relatively large incidence angle is introduced
toward a region III close to a light exit surface 22 of the
inclined surface 36 as second incident light. This not only
causes the high risks of light leakage, but a reflected light
component may also be repetitively reflected between the
inclined surface 36 and a rear surface 24 in a certain condi-
tion. This may provide a high tendency of light emitted near
a light entrance wedge portion 31 of the light exit surface 22.
In the conventional spread illumination apparatus, this light
leakage appears to degrade the uniformity of luminance dis-
tribution of light emitted from the light exit surface 22.

On the contrary, in the spread illumination apparatus 10
according to the present embodiment, the average inclination
angles 01 and 03 of'the first inclined surface portion 254 and
the third inclined surface portion 25¢ are made relatively
small. Therefore, as illustrated in FIG. 6B, even light (assign-
ing reference numeral [.1 as the same) introduced into the
inclined surface 25 in the identical condition with L1 can be
guided into the light exit portion 32, without emitting light
near the light entrance wedge portion 31 of the light exit
surface 22. Therefore, the spread illumination apparatus 10
can improve the uniformity of luminance distribution of light
emitted from the light exit surface 22.

When the LED 11 is a so-called pseudo white LED, this
spread illumination apparatus 10 will have the following
effects. Generally, as illustrated in FIG. 7, the pseudo white
LED is configured such that a blue light emitting chip 41 is
encapsulated by a transparent resin 42 in which yellow phos-
phors are dispersedly provided. A light emission spectrum of
pseudo-white-color is realized by a color mixture of blue light
emitted by the blue light emitting chip 41 and yellow light
emitted by the yellow phosphor absorbing the blue light. In
this case, light 1.2 and light [.3 are emitted from the LED 11
in a direction in which an angle relative to the optical axis is
small. Compared to these light 1.2 and the light L3, the light
L1isemitted from the LED 11 in a direction in which an angle
relative to the optical axis is large. The light L1 is thus longer
than the light [.2 and L3 in length passing within the trans-
parent resin 42. Therefore, the light [.1 tends to become white
light tinged with yellow. As explained with FIG. 6A, light
leakage due to the light [.1 tends to occur near the light
entrance wedge portion 31 of the light exit surface 22. This
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will also bring a problem that illumination light is partially
tinged with yellow by the light leakage.

Considering the above, in the spread illumination appara-
tus 10, to reduce light leakage near the light entrance wedge
portion 31 of the light exit surface 22 will bring effect of
alleviating or solving the above problems, thus consequently
improving chromaticity distribution of illumination light.

According to research and examination conducted by the
present inventors, it is clearly noted that in the spread illumi-
nation apparatus 10 of the present embodiment, light leakage
caused by the inclined surface 25 could be reduced by about
25% as compared with the conventional spread illumination
apparatus including the inclined surface 36 having a constant
inclination angle in the light entrance wedge portion 31. Also,
through verification of the trial productions, it has been con-
firmed that the luminance of the illumination light emitted
from the light exit surface 22 was improved by 4.5%.

Furthermore, in the spread illumination apparatus 10, the
average inclination angle 83 of the third inclined surface
portion 25¢, which is a portion connecting to the light exit
surface 22 of the inclined surface 25, is smaller than the
constant inclination angle 6 of the conventional inclined sur-
face 36. Therefore, it is possible to suppress luminance non-
uniformity (acute change of luminance) caused by discon-
tinuous connection of the inclined surface 25 and the light exit
surface 22 at a constant intersection angle. This suppression
effect becomes more remarkable when the inclined surface 25
of'the spread illumination apparatus 10 is formed in a concave
shape in the third inclined surface portion 25¢, and the incli-
nation angle of the portion connecting to the light exit surface
22 is made even smaller than the average inclination angle 63.

Also, in the spread illumination apparatus 10, the average
inclination angle 61 of the first inclined surface portion 25a,
which is a portion close to the light entrance surface 21 of'the
inclined surface 25, is smaller than the constant inclination
angle 0 of the conventional inclined surface 36. Therefore, in
a case where a flexible printed circuit (FPC) (not illustrated)
mounted with the LED 11 is directly fixed on the inclined
surface 25 of the light guide plate 20, it is possible to alleviate
a problem regarding the mounting of the LED 11, such as a
problem that the light emission surface 11a of the LED 11 is
inclined with respect to the light entrance surface 21 of the
light guide plate 20.

Also, the second inclined surface portion 255 having the
largest average inclination angle among the three inclined
surface portions is arranged in the central portion in the light
guide direction. Therefore, even when light leakage occurs
from the second inclined surface portion 254, it can be cer-
tainly absorbed generally by a light shielding member dis-
posed on the inclined surface 25.

Also, in the example of FIG. 1A, it is illustrated that the
inclined surface 25 has the inflection point A at substantially
the center along the length direction (forward/backward
direction) of the light entrance wedge portion 31, and the
shape of the convex portion and the shape of the concave
portion are formed almost congruently. However, in the
present invention, it is apparent that the shape of the inclined
surface 25 is not limited to the case having symmetry. In the
spread illumination apparatus 10, a length ratio of the first
inclined surface portion 254, the second inclined surface por-
tion 256, and the third inclined surface portion 25¢ with
respect to the entire length ofthe light entrance wedge portion
31, and the average inclination angles 81, 62 and 63 of the first
inclined surface portion 254, the second inclined surface por-
tion 255, and the third inclined surface portion 25¢ are prop-
erly set while considering the actual distribution at the degree
of light leakage risk. To be more specific, the position of the
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inflection point A may not be placed approximately at the
center along the length direction of the light entrance wedge
portion 31 but be placed at more toward the light exit surface
22. Further, the area of the convex portion may be configured
to be larger than the area of the concave portion. Here, the
distance of length direction between the light entrance sur-
face 21 and the inflection point A is desired to be set at
approximately 1.4 times as thick as the thickness of light
entrance surface 21 (would be acceptable if it is set between
1.1 times and 1.7 times).

When the inflection point A is placed at more toward the
light exit surface 22, the inclined surface 25 may be prefer-
ably configured as follows. For example, in case that the light
guide plate 20 is configured such that: the thickness of the
light entrance surface 21 is 0.58 mm; the thickness of the light
exit portion 32 is 0.4 mm; and the length of the light entrance
wedge portion 31 is 1.1 mm, one of the preferable construc-
tions would be achieved if satistying: 1) each length of the
first inclined surface portion 25a, the second inclined surface
portion 255, and the third inclined surface portion 25¢ respec-
tively corresponding to the region I, the region II and the
region 1] are set 0.4 mm, 0.4 mm and 0.3 mm, and 2) each of
the average inclination angles 61, 62 and 63 corresponding to
the first inclined surface portion 254, the second inclined
surface portion 254, and the third inclined surface portion 25¢
are set 6.4°, 13° and 8.2° (the average inclination angle 6
along the whole length of the inclined surface 25 is 9.3°).

Like a spread illumination apparatus 50 of FIG. 8, the
spread illumination apparatus according to the present inven-
tion may include a flat portion 33 (a range denoted by “IV” in
FIG. 8) between a light entrance surface 21 and a light
entrance wedge portion 31 of a light guide plate 51. The flat
portion 33 extends from the light entrance surface 21, con-
nects to a first inclined surface portion 25a, and has a top
surface 52 parallel to a light exit surface 22. The flat portion
33 has a constant thickness.

Also, like a spread illumination apparatus 60 of F1G. 9, the
spread illumination apparatus according to the present inven-
tion may include a first inclined surface portion 654, a second
inclined surface portion 655, and a third inclined surface
portion 65¢ of an inclined surface 65 which are configured as
inclined surfaces having predetermined inclination angles 01,
02 and 03, respectively. In other words, the spread illumina-
tion apparatus 60 includes a configuration in which virtual
plane surfaces 35a, 356 and 35c¢ illustrated in FIG. 1B are
realized as actual inclined surfaces, respectively. The spread
illumination apparatus 60 is advantageous in that the inclined
surface 65 according to the present invention can be relatively
easily formed.

Also, inthe spread illumination apparatus 60, either or both
of'a connecting portion 66 of' the first inclined surface portion
65a and the second inclined surface portion 655, and a con-
necting portion 67 of the second inclined surface portion 656
and the third inclined surface portion 65¢ may be configured
as a curved surface. Furthermore, in the spread illumination
apparatus 60, one or more inclined surface portions among
the first, second and third inclined surface portions 65a, 656
and 65¢ may be configured as a plurality of inclined surfaces
having different inclination angles. In this case, one or more
connecting portions among connecting portions of the
respective inclined surfaces may be configured as a curved
surface.

In any of the above embodiments, the cross-sectional shape
of the cross section (side cross section) perpendicular to the
light entrance surface 21 and the light exit surface 22 of the
light entrance wedge portion 31 is identical to the side surface
shape at an arbitrary position of the light entrance surface 21
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in the longitudinal direction. Therefore, the inclined surfaces
25 and 65 were formed to have no inclination along the
longitudinal direction of the light entrance surface 21. How-
ever, in the spread illumination apparatus according to the
present invention, the shape of the inclined surface of the light
entrance wedge portion may have an inclination along the
longitudinal direction of the light entrance surface 21.

FIG. 10 is a diagram illustrating an example of such a
spread illumination apparatus 70, in which FIG. 10A is a front
view (elevation view) of the spread illumination apparatus 70
when viewed from a light entrance surface 21 side, and FIG.
10B is an A-A cross-sectional view of FIG. 10A. In the spread
illumination apparatus 70, the light entrance surface 21 of a
light guide plate 71 is configured such that the thickness
thereof changes spatially along the longitudinal direction of
the light entrance surface 21. Specifically, the thickness of the
light entrance surface 21 is configured such that the thickness
at the arrangement position of each LED 11 is approximately
equal to the thickness of the LED 11, and the thickness on
both sides of the arrangement position of each LED 11 is
thicker than the thickness at the arrangement position of the
LED 11. An inclined surface 75 is configured to be inclined
downward from the light entrance surface 21 toward the
forward direction over the entire width of the light entrance
surface 21 along the longitudinal direction and to be con-
nected to the light exit surface 22 at the forward end of the
inclined surface 75.

Therefore, the inclined surface 75 has not only an inclina-
tion along the forward/backward direction (light guide direc-
tion) but also an inclination along the left/right direction (a
longitudinal direction of the light entrance surface 21). Dueto
this configuration, the average inclination angle over the
entire length of the light entrance wedge portion 31 of the
inclined surface 75 also changes spatially along the longitu-
dinal direction of the light entrance surface 21, such that the
average inclination angle is the smallest at the arrangement
position of each LED and is the largest on both sides of the
arrangement position of each LED 11. However, in the spread
illumination apparatus 70, within the side cross section at an
arbitrary position of the light entrance surface 21 along the
longitudinal direction, the average inclination angle within
the side cross section of a second inclined surface portion 7554
is larger than the average inclination angle within the same
side cross section of a first inclined surface portion 75a and a
third inclined surface portion 75¢, which is the same as the
spread illumination apparatus 10. Furthermore, in the spread
illumination apparatus 70, within the side cross section at an
arbitrary position of the light entrance surface 21 along the
longitudinal direction, the average inclination angles within
arbitrary side cross sections of the first inclined surface por-
tion 75a and the third inclined surface portion 75¢ are formed
to be smaller than the average inclination angle over the entire
length of the light entrance wedge portion 31 within the same
side cross section.

Due to such a configuration, the spread illumination appa-
ratus 70 obtains the same operational effect as the spread
illumination apparatus 10 and has the inclined surface 75
inclined along the longitudinal direction of the light entrance
surface 21. Therefore, light incident with an incidence angle
width on the inclined surface 75 in the thickness direction is
reflected to be spread in a direction parallel to the light exit
surface 22. As a result, when the reflected light from the
inclined surface 75 is reflected from the rear surface 24 and is
incident again on the inclined surface 75 (typically, the third
inclined surface portion 75¢), the incidence angle thereof can
be made small. Therefore, light leakage near the light
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entrance wedge portion 31 of the inclined surface 75 and the
light exit surface 22 can be reduced more effectively.

Also, in the spread illumination apparatus 70, the length of
the light entrance wedge portion 31 is assumed to be constant
along the longitudinal direction of the light entrance surface
21. However, in the spread illumination apparatus according
to the present invention, the inclination along the longitudinal
direction of the light entrance surface 21 may be provided in
the inclined surface of the light entrance wedge portion 31 by
changing the length of the light entrance wedge portion 31
spatially along the longitudinal direction of the light entrance
surface 21. In this case, as compared with the spread illumi-
nation apparatus 70 illustrated in FIG. 10, the spatial variation
of the average inclination angle over the entire length of the
light entrance wedge portion 31 of the inclined surface along
the longitudinal direction of the light entrance surface 21 can
be suppressed to become relatively small.

Here, in the above-described embodiments, the inclined
surfaces 25, 65 and 75 of the light entrance wedge portion 31
are assumed to be all formed in the front surface 23 side of the
light guide plates 20, 51, 61 and 71. However, in the spread
illumination apparatus according to the present invention, the
inclined surfaces 25, 65 and 75 may be formed in the rear
surface 24 side of the light guide plates 20, 51, 61 and 71.
Alternatively, the spread illumination apparatus has the
inclined surface of the light entrance wedge portion 31 in both
of'the front surface 23 side and the rear surface 24 side of the
light guide plates 20, 51, 61 and 71. Either or both of the two
inclined surfaces may be configured as the inclined surfaces
25, 65 and 75 according to the present invention. In this case,
when only one of the two inclined surfaces is configured as
the inclined surfaces 25, 65 and 75, the other inclined surface
may be configured as an inclined surface having a constant
inclination angle as in the prior art.

Also, when an FPC mounted with the LED 11 is arranged
in the plane side where the inclined surface (the inclined
surfaces 25, 65 and 75 according to the present invention or
the conventional inclined surface) is provided among the
front surfaces 23 and the rear surfaces 24 of the light guide
plates 20, 51, 61 and 71, a pedestal may be installed for
arranging the FPC integrally with the inclined surface pro-
vided in the plane side. The pedestal is provided in a prede-
termined range extending forward from the left/right side of
the arrange position of each LED 11 of the light entrance
surface 21 (preferably, a range where no light is almost inci-
dent).

Itis apparent that the spread illumination apparatus accord-
ing to the present invention includes a spread illumination
apparatus with an arbitrarily combined configuration of the
characteristics described in relation to the above-described
individual embodiments. For example, the spread illumina-
tion apparatuses 10, 60 and 70 may include the flat portion 33
described in relation to the spread illumination apparatus 50.

What is claimed is:

1. A spread illumination apparatus, comprising:

a light source; and

10

15

20

25

30

35

40

45

50

55

14

a light guide plate having a light entrance surface on which
the light source is disposed, a light exit surface through
which light introduced from the light entrance surface is
emitted, and a rear surface facing the light exit surface

wherein the light guide plate includes a light entrance
wedge portion which has an inclined surface and which
has a thickness that becomes thinner from the light
entrance surface side toward the light exit surface side,

the inclined surface includes, from the light entrance sur-
face side, a first inclined surface portion, a second
inclined surface portion, and a third inclined surface
portion, the first inclined surface portion, the second
inclined surface portion and the third inclined surface
portion each inclined at certain angles relative to the rear
surface, the certain angles being greater than 0°, and

an average inclination angle of the second inclined surface
portion at an arbitrary cross section perpendicular to the
light entrance surface and the light exit surface along the
light entrance surface in a longitudinal direction is con-
figured to be larger than average inclination angles of the
first inclined surface portion and the third inclined sur-
face portion at the same cross section.

2. The spread illumination apparatus according to claim 1,
wherein a connecting portion of the first inclined surface
portion and the second inclined surface portion, and a con-
necting portion of the second inclined surface portion and the
third inclined surface portion are configured as a curved sur-
face.

3. The spread illumination apparatus according to claim 1,
wherein the inclined surface is configured as a single continu-
ous curved surface as a whole.

4. The spread illumination apparatus according to claim 3,
wherein the continuous curved surface is a curved surface
which has a convex shape in the light entrance surface side
and a concave shape in the light exit surface side.

5. The spread illumination apparatus according to claim 4,
wherein the continuous curved surface is formed in an
S-shape in section, and has an inflection point within the
second inclined surface portion.

6. The spread illumination apparatus according to claim 1,
wherein at least one of the first inclined surface portion, the
second inclined surface portion, and the third inclined surface
portion is configured to have a plurality of flat surfaces.

7. The spread illumination apparatus according to claim 1,
wherein the inclined surface is provided on the light exit
surface side.

8. The spread illumination apparatus according to claim 1,
wherein a flat portion with a constant thickness is provided
between the light entrance surface and the light entrance
wedge portion.

9. The spread illumination apparatus according to claim 1,
wherein a shape of the inclined surface is formed to have an
S-shaped smooth continuous curved surface in a sectional
view, such that a region close to the light entrance surface is
convex and a region close to the light exit surface is concave.
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